A solution made from 27.6 mg (0.0626 mmol) of N 1 ,N 3 -diBoc-spermidine-N 2 -trifluoracetamide, 1.5 mL of chloroform and 1.5 mL of trifluoroacetic acid was then stirred at room temperature for 4 h. Removal of solvent under reduced pressure and
Coupling of Molecular Umbrella with siRNA. In a typical coupling reaction, 24.5 mg of a disulfide-protected siRNA passenger strand (MW 6229.17) was dissolved in 0.55 mL of PBS (0.01M phosphate buffer, 140mM NaCl, 1mM EDTA, pH 7.4). To generation the thiol form of the siRNA, 0.250 mL of water was added to this solution followed by 0.500 mL of a freshly prepared 1 M solution of dithiothreitol (DTT). After this mixture was stirred under argon for 24 h at room temperature, the excess DTT and its S 6 oxidzed form were removed by extracting (13 times) using 2 mL of ethyl acetate. The aqueous solution was then purged with argon to remove traces of ethyl acetate and analyzed for thiol content using a standard Ellman assay.
To this solution of the aqeuous solution was then added a solution made from 15.3 mg (3.623 µmol) of 3 and 2.25 mL of methanol, followed by addition of 4µL of 0.5 M aqueous NaOH. The mixture was then stirred under argon atmosphere for 48 h at room temerature. The resulting conjugate was purified by direct injections of the product mixture (150 µL injection volumes) onto a reverse phase semi preparative column (NovaPak, 7.8 × 300 mm), which was maintained at 37 o C. Elution was made using a flow rate In an identical manner to that described above, the scrambled PS and the GS was prepared 16 mg of 6, recovered as a tacky white amorphous solid after lyophilization.
In vitro activity of umbrella-siRNA conjugates. To test the silencing activity of siRNA conjugates, HEK293T cells were plated in media (DMEM) supplemented with 10% fetal calf serum (FCS) and allowed to culture overnight (37°C, 5%CO2). On next day, the media was replaced with serum free media containing the siRNA conjugates at concentrations ranging from 10-0.0015 μM and left on cells for total of 72 hrs (37°C, 5%CO2). The SSB mRNA levels were analyzed using branched-DNA assay as per instructions by supplier (Panomics Quantigene 1.0 bDNA Kit # QG0002). The cell viability was assessed using MTS assay (Promega cat# TB245) and all the data was normalized to levels from untreated cells.
To test the intrinsic potency of siRNA conjugates by transfection with lipofectamine, HEK293T cells stably transfected with luciferase vector were plated in media (DMEM) supplemented with 10% fetal calf serum (FCS) and allowed to culture overnight (37°C, 5%CO2). This reporter cell system contains a Renilla-Firefly Dual-luciferase construct and has the SSB target sites incorporated in the 3' UTR of Renilla luciferase. Next day, the media was replaced with serum free media containing the siRNA conjugates at concentrations ranging from 10000-0.1 pM and left on cells for total of 24 hr (37°C, 5%CO2). The Firefly and Renilla protein levels were analyzed using the Dual-Glo assay from Promega as per instructions by supplier (Promega Cat#E2920). The Firefly signal S 9 was used as a control for cell viability & Renilla/Firefly luciferase activity was used for specific mRNA knockdown. All data was normalized to levels from untreated cells. Computer Modeling. To better understand the intra-molecular interactions, classical molecular dynamics (MD) simulations were performed. The AMBER force field was selected for approximating the atomic interactions.
In vivo testing

S 10
appropriate for modeling interactions between nucleic acids and small molecules especially where covalent bonds are involved. 5 For this hybrid system we also employed the AM1 bond charge corrected version for which we have extensive experience and confidence. 6 The AMBER interatomic force fields are constructed from harmonic potentials for bonds, 3-body angles and torsion angles. Non-bonded interactions are described through standard Lennard-Jones and Coulombic pair potentials. The previous published parameters were fitted by matching high-level quantum mechanical calculations results on a variety of molecules. 4 The objective in determining the values of the adjustable parameters in the force field is to reproduce the correct bond lengths, bond angles, and conformational energies of the reference molecules. The equations of motion in the present simulations were integrated using the NAMD software package. 7 All simulations were performed at constant pressure with rectangular periodic boundary conditions. The MD simulation cell was constructed with TIP3 water using LEaP within AMBER 9. 8, 9 Initially a 15/ border between the large molecule and the closest point of the MD cell was created. Sodium chloride (NaCl) was added at a physiological concentration of 150mM. In addition 41 sodium ions (Na+) were added to ensure charge neutrality. LEaP was instrumental in the creation of the necessary potential files and initial coordinates of the entire solvated umbrella-siRNA conjugate. The initial conformation of the ds nucleic acids was placed in the A-form while the umbrella assumed a more extended form to minimize any preference for the intra-molecular umbrella-siRNA interaction. This initial configuration of umbrella-siRNA conjugate, explicit water and ions was minimized before slowing heating to ~310K. After reaching
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constant pressure equilibrium, a 40ns MD simulation was performed using a 0.001ps time step.
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Tolerability of compounds assessed by ophthalmic examination (n=8 rat eyes) 
